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Abstract. In this paper, we present BNCI Horizon 2020, an EU Coordination 
and Support Action (CSA) that will provide a roadmap for brain-computer 
interaction research for the next years, starting in 2013, and aiming at research 
efforts until 2020 and beyond. The project is a successor of the earlier EU-
funded Future BNCI CSA that started in 2010 and produced a roadmap for a 
shorter time period. We present how we, a consortium of the main European 
BCI research groups as well as companies and end user representatives, expect 
to tackle the problem of designing a roadmap for BCI research. In this paper, 
we define the field with its recent developments, in particular by considering 
publications and EU-funded research projects, and we discuss how we plan to 
involve research groups, companies, and user groups in our effort to pave the 
way for useful and fruitful EU-funded BCI research for the next ten years. 
Keywords: Brain-computer interfaces, Horizon 2020, roadmap, Future BNCI, 
mental state monitoring, BCI publications, EU projects, BCI Society, user-
centred design, ethical guidelines. 
1 Introduction 
Brain-computer interfaces (BCIs) have become a popular topic for research in recent 
years. A BCI is a communication device which allows people to control applications 
through direct measures of their brain activity. A BNCI (brain/neuronal computer 
interaction) system extends a BCI by including other physiological measures such as 
muscle or eye movement signals. The number of BCI research groups around the 
world, peer-reviewed journal articles, conference abstracts, and attendance at relevant 
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conferences are indicators of the rapid growth of this field. With dozens of companies 
and research groups actively participating in the development of BCIs and related 
technologies, collaboration, a common terminology, and a clear roadmap have be-
come important topics. To provide a solution to these issues, the European Commis-
sion (EC) funded the coordination action Future BNCI in 2010/2011. This project was 
the first effort to foster collaboration and communication among key stakeholders. 
Furthermore, this project created a five-year roadmap for BCI research. In 2013, the 
EC decided to continue the efforts initiated by Future BNCI by funding the develop-
ment of a more long-term roadmap within the new framework program Horizon 2020. 
In this paper, we explain how BNCI Horizon 2020 will address and predict new 
developments in BNCI research, including new applications for people with motor, 
sensory, cognitive and mental disabilities, and people without these disabilities. The 
new roadmap will touch upon other key topics including ethics, societal needs for and 
acceptance of BNCI systems, user-centered approaches, evaluation metrics, and the 
transfer of technology from research labs to the market. A clear and comprehensive 
roadmap produced by BNCI Horizon 2020 will lay the foundations for, and impact 
on, a (continued) dominance and clear visibility of European research groups in the 
future. In addition, the roadmap will display opportunities, but also limitations and 
constraints, for the industrialization and commercialization of BNCIs. The aim of this 
paper is to inform the research community about this project and invite comments and 
involvement. 
2 BCIs and BNCIs Definitions 
According to the most commonly used definition, a brain-computer interface (BCI) is 
a communication device that classifies brain activity and controls a device such as a 
spelling application [1,2,3,4], a neuroprosthesis [5,6], a domestic environment [7,8], a 
wheelchair [9,10], a telepresence robot[11,12], an internet browser [13,14], computer 
games [15,16,17,18], or creative expression [19,20]. A BCI uses signals directly rec-
orded from the brain, operates online, provides feedback, and relies on goal-directed 
behavior [21,22]. A more recent definition describes a BCI as follows [23]: “A BCI is 
a system that measures central nervous system (CNS) activity and converts it into 
artificial output that replaces, restores, enhances, supplements, or improves natural 
CNS output and thereby changes the ongoing interactions between the CNS and its 
external or internal environment.” This definition includes BCIs that do not require 
intentional control, which are sometimes referred to as passive BCIs [24]. Other re-
lated terms include affective BCIs [25], emotional BCIs [26] or mental state monitors 
[27,28]. Figure 1 depicts the scheme of a BCI and lists possible applications. 
The term brain/neuronal computer interaction (BNCI) was introduced by the Euro-
pean Commission (EC) without a clear definition at the beginning. However, the re-
search community has adopted the convention that a BNCI differs from a BCI only in 
the used signals. Specifically, a BNCI does not only rely on direct measurement of 
brain activity, but also includes signals from other physiological activity such as eye 
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Fig. 1. BCI scheme and possible application scenarios (adapted from [23]) 
movement (electro-oculogram, EOG), muscle activity (EMG, electromyogram), or 
heart rate (HR, derived from the electrocardiogram, ECG). Furthermore, a device that 
combines a BCI with another input device is also known as a hybrid BCI [29,30] or a 
multimodal BCI [31]. 
3 BCI and BNCI Research Field 
Research on BNCIs and BCIs started in the 80s of the last century (although first 
ideas date back to Vidal et al. in the 70s) and is currently transforming from a small  
field in its infancy to a large research effort across the globe. The number of scientific 
publications in this field is steadily increasing every year (see Figure 2). Another 
measure of progress is the attendance at international conferences; for example, the 
five Graz BCI conferences (organized by Graz University of Technology in Graz, 
Austria) in 2002, 2004, 2006, 2008, and 2011 were attended by 32, 52, 95, 116, and 
236 people, respectively. The 5th International BCI Meeting in Pacific Grove, CA, 
USA, in June 2013 attracted more than 300 attendees. 
While BCI research traditionally focused almost exclusively on applications for pa-
tients, the interest in developing non-medical applications has been growing recently; 
this targets a much larger user group. These applications include BCIs to control 
games [16,17], but also a plethora of other novel approaches are investigated [32]. 
EEG-based monitoring of workload can be used for example to mitigate workload in 
the case of overload in car/truck/train driving or aviation [33]. Similarly, monitoring 
the level of attention can be used to initiate counter-measures and thereby help to 
avoid hazardous situations in industrial workplaces [34,28]. Electrophysiology can 
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Fig. 2. Number of BCI publications per year as obtained by a PubMed query “brain-computer 
interface” in indexed English articles queried on 01/14/2014 
also be exploited to detect precursors of braking intention and gives rise to a neuroer-
gonomic approach to driving assistance [35]. Furthermore, many opportunities exist 
to improve human-computer interaction [24] using BCI systems by resorting to impli-
cit information in the perceptual and cognitive processes. Examples include ap-
proaches based on (a) the possibility to extract subconscious processes from the EEG 
as exemplified in the detection of distortions in audio samples [36], (b) the EEG-
based recognition of unexpected events [37], and (c) the quantification of the depth of 
processing [38]. 
Numerous companies are now active in the BCI sector. The roadmap developed in 
the EU-funded coordination action (CA) Future BNCI lists 39 companies working in 
and producing BCIs or related devices for different market sectors such as health and 
neurofeedback, assistive technology, education, safety and security, entertainment and 
performance, research, and financial and marketing. Within BNCI Horizon 2020, we 
have already identified more than 100 potential companies either directly developing 
BCIs or related devices, or aiming to integrate BCI-based technology into their prod-
uct portfolio or upcoming market applications.  
Several sources also indicate that commercial interest in BNCI research is increas-
ing. Guger Technologies, a major supplier of amplifiers and other equipment for 
BNCI research, reports an increase in annual sales for BCI equipment of about 35% 
per annum since 2005. Other companies such as NeuroSky, Emotiv, InterAxon, and 
OCZ have heavily publicized new BNCIs for game control that did not exist a few 
years ago. These toys use very simple, inexpensive, sometimes single-channel sys-
tems aimed at healthy users for entertainment – instead of complex, expensive, often 
multi-channel systems aimed at severely disabled users for assistive technology. Neu-
roSky sold over one million chips in 2011 for BCI toys like the Necomimi Cat Ears 
and Star Wars Force Trainer [39]. Other companies like Advanced Brain Monitoring, 
Neuroelectrics, NeuroFocus and EmSense have developed more expensive BCIs that 
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are also aimed at healthy users. These systems include devices to monitor alertness, 
sleep or anticipation. Healthy users seem to be a rapidly growing market for BNCIs. 
However, it is unclear which users, applications, companies or usage environments 
will be the strongest to emerge soon. 
4 Relevant European Research Projects 
The EU has funded several projects dealing with BNCIs within its Framework Pro-
grammes FP6 and FP7. Thirteen projects are part of a BNCI cluster within the e-
Inclusion initiative, which consists of the following projects: TOBI (11/08-01/13), 
TREMOR (09/08-04/10), BRAIN (09/08-08/11), DECODER (02/10-04/13), 
BETTER (02/10-01/13), BrainAble (01/10-12/12), Future BNCI (01/10-12/11), As-
TeRICS (01/10-12/12), MINDWALKER (01/10-12/12), MUNDUS (03/10-02/13), 
ABC (11/11-10/14), BackHome (01/12-06/15), and WAY (10/11-09/14). 
CONTRAST (11/11-10/14) and MindSee (09/13-08/16) are other ongoing EU-funded 
projects dealing with BCIs outside the BNCI cluster. Here, BCIs are used for feed-
back of EEG activity to improve general and specific cognitive functions (such as 
attention and inhibition) in stroke patients. Moreover, several researchers received 
individual European or national grants. Among these projects, Future BNCI was the 
first coordination action (CA) in this research field. Its main goals were (1) to foster 
collaboration between BCI researchers, (2) to develop a common terminology, and (3) 
to identify roadmaps and opportunities for the field of BCI research. The integrated 
project (IP) TOBI took over and continues to develop parts of the outcome of Future 
BNCI, in particular the roadmap. 
5 Current Challenges 
The field of BNCI research is growing rapidly, and there are no major coordination 
efforts in place to ensure efficient communication and collaboration between key 
stakeholders. For example, the field has still neither agreed upon common definitions 
of key terms, nor upon a common procedure concerning ethical issues, and opinions 
on promising future directions differ vastly. The fact that stakeholders address these 
issues individually not only wastes precious resources, but also translates to an excess 
expenditure, which could be reduced by a close and supported collaboration. 
The synergy in efforts appears crucial to foster the translation of several BNCI re-
search developments from the laboratories to real world scenarios, which include 
healthy and disabled end users [40,41]. 
The previous CA Future BNCI has successfully started to address these critical is-
sues. However, these efforts were only the first steps toward our goal to identify and 
address current and future challenges and to create a coordinated research field in-
cluding the foundation of a BCI Society, which would be a strong indicator of the 
maturation of the field. 
On the whole, four major challenges can be identified: (1) The growing need for 
standards is still unmet. This challenge entails many aspects of standardization: terms 
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and definitions for BCIs and BNCIs, guidelines for reporting key details of BCI  
articles, ethical guidelines for working with patients, and certifications for relevant 
personnel. There is still confusion and disagreement about what constitutes a BCI or 
BNCI. (2) There is inadequate interaction within the BNCI community. This makes it 
difficult to work together on standards, and also impedes collaboration for research 
and development. There is no central society or group that represents the BCI com-
munity and can foster interaction with policy makers, other stakeholders, the media 
and other groups. (3) There is inadequate dissemination outside of the BNCI commu-
nity. Most doctors, patients, students, and the general public do not know about BCIs, 
or have unrealistic views based on how the technology is presented in the media and 
some news sources. Other research and development communities, particularly in-
volving assistive technologies and patient care, do not interact enough with BNCI 
researchers. (4) There is little agreement on the most promising future directions. 
Since integrating BCIs with other BNCIs, other interaction paradigms, and other 
emerging technologies entails working with new people and new groups, the lack of 
interaction has made it difficult to objectively assess which technologies (and new 
combinations thereof) are promising. Companies, policy makers, medical decision 
makers, patients, and other groups without a BNCI background may find it especially 
difficult to identify the most promising products, directions, funding opportunities, 
and treatment options.  
These four main challenges cannot be addressed without an effective coordination 
effort. It seems unlikely that any project can align constituencies and prepare future 
joint research and roadmaps when the relevant disciplines and stakeholders are not 
even clearly identified. The principal vision of BNCI Horizon 2020 is to address these 
challenges by establishing and supporting a thriving, efficient, and well-connected 
BNCI community.  
6 Goals and Objectives 
With BNCI Horizon 2020, we continue coordination efforts that were initiated by 
Future BNCI to ensure that progress is not impeded by a lack of infrastructure, lack of 
communication between key stakeholders, ambiguous terminology or an unclear 
roadmap of the research field. BNCI Horizon 2020 will develop a roadmap document, 
building on the results of Future BNCI and TOBI, but also on results of other past and 
current projects. The roadmap will serve as a guideline and will contain conclusions, 
recommendations, and a provision of ideas for future activities that will be supported 
by the EU framework program Horizon 2020. In the roadmap, we will identify new 
BNCI opportunities and synergies with existing fields, with respect to applications for 
people with motor, sensory, and cognitive disabilities as well as for healthy users. We 
plan to identify these opportunities from a research, industrial, and end users’ pers-
pective. 
The end users’ perspective will embrace the principles of the user-centered design 
to address some of the future priorities in terms of BNCI applications in real world 
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medical (i.e., assistive and rehabilitation field) and non-medical scenarios (i.e., enter-
tainment and general purpose in healthy people). 
The user-centered design was standardized in ISO-DIS-9241-210. It is focused on 
the concept of usability, i.e. “the extent to which a product can be used by specified 
users to achieve specified goals with effectiveness, efficiency and satisfaction in a 
specified context of use”. The principles of this approach are adopted as an iterative 
process in the development of assistive technology (AT) devices as well as in the 
Human-Computer Interaction field, addressing the understanding and specification of 
users’ needs and the context of use, and evaluation against the defined requirements. 
In recent years, development of communication systems based on BNCI technolo-
gy has started to take advantage of the AT design principles [18,19,41,42]. BNCI 
Horizon 2020 will capitalize on previous and current research and application expe-
rience to define standards for the efficient development and assessment of BNCI-
based technologies taking in to account users’ requirements and needs. 
BNCI Horizon 2020 will encourage discussion and collaboration; the project will 
also disseminate knowledge and information among BCI researchers and the general 
public. Our main communication and dissemination channels are (a) workshops and 
conferences where we explain the aims of BNCI Horizon 2020 and collect feedback; 
(b) a dedicated community website, based on and incorporating information from the 
Future BNCI website (future-bnci.org), that will not only present results from the 
project, but will be a platform for BNCI research in general and an information hub 
and community portal for researchers, reviewers, industrial partners, and the general 
public at large; (c) the creation of an open access database of BCI data sets on our 
website to foster competition and reproducibility of results. In addition, BNCI Hori-
zon 2020 will actively support the foundation of an international BCI Society. 
7 Coordination and Networking Efforts 
First and foremost, a major result of the project will be a concise roadmap, a docu-
ment that will build on the roadmap produced by the Future BNCI and TOBI projects. 
We will incorporate new findings to be generated within BNCI Horizon 2020 through 
the knowledge of its partners, their background, links to other projects, and by engag-
ing with the relevant stakeholders (end user representatives, industry, and research) 
through questionnaires, workshops, and interviews. Roadmapping will be driven by 
interactive and iterative activities. 
Based on the existing Future BNCI roadmap, initial application scenarios will be 
developed. These scenarios will be verified through the advisory board and updated 
throughout the project. The current state of the art (in all three areas research, indus-
try, and end users) for these scenarios will be extracted from the existing roadmaps 
and updated with the latest knowledge. 
User requirements and visions will be assessed from/with end users (e.g., focus 
groups) and visionary stakeholders. Initially, we will capitalize on previously estab-
lished networking between a large community of end users (individuals, representa-
tive associations, assistive technology solution providers, and medical staff) and  
national and EU research projects. These requirements will be discussed with research 
and industry to check what is possible in 5-10 years from their view, which is then to 
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be agreed with industry in terms of what is realistic and commercially feasible within 
this timeframe. 
 
Fig. 3. From the industry ecosystem towards a technology transfer plan for the overall BNCI 
Horizon 2020 roadmap: coordination and networking efforts among academia, industry stake-
holders, policy makers, and end users 
The updated scenarios will again be discussed with end user representatives to ve-
rify if these ideas could actually add value for them and their stakeholders. The result-
ing technological challenges and the research needed to address them will then be 
assessed in joint discussions with industry and research representatives. Finally, a 
timeline can be drawn of technologies/research needed to address challenges and the 
possible results in terms of (commercial) products and services. 
Additionally, we will collect and/or estimate data on numbers of users (EU- and 
world-wide) and calculate market data in terms of potential users of such devices to 
estimate the possible market and in general the possible impact of BCI technologies. 
Other networking efforts include the organization of dedicated meetings with 
stakeholders, conferences, workshops, and special sessions. 
Therefore, we will mainly focus on coordination and processing inputs from all 
identified industry stakeholders in BNCI and related domains to develop guidelines, 
recommendations, actions and plans about current and future products, application 
scenarios, markets and business models, with a strong focus on success stories, tech-
nology transfer, and exploitation avenues. We have been designing different strategies 
to acquire and process qualitative industry ecosystem data, and to manage a market 
analysis, in order to develop these guidelines and recommendations towards a tech-
nology transfer plan (see Figure 3). 
Several steps prior to one of the main networking activities, the BNCI Horizon 2020 
Retreat, correspond to the following coordination efforts: First, the identification of 
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major industry stakeholders coming from the whole BNCI consortium. Second, the 
classification of those identified BNCI and new potential industry stakeholders from 
related domains. So far, we have already identified over 100 large enterprises, small to 
medium enterprises and startups, and defined the corresponding classification by com-
pany size, sector, location, potential BNCI scenarios, target users, and applications. 
Third, we have started to contact those main players and inform them about BNCI Ho-
rizon 2020 activities. Further, we try to engage them to participate by inviting them to 
the retreat and by asking them to answer questionnaires about their company in relation 
to BNCI motivations and needs. The first networking activity, the upcoming retreat, 
will enable us to engage in discussion sessions, surveys, and workshops. Thereafter, 
there will be a need to establish new procedures and methods to process all collected 
data from the research and academia contribution, the industry stakeholders’ motiva-
tions and needs, and end users’ new potential BNCI solutions and applications. 
The overall BNCI Horizon 2020 roadmap will contain the analyzed material ob-
tained from these major coordination and networking efforts. This will rely on qua-
litative market research, through the links to the industry, academia and end users 
coming from the whole consortium as well as from our advisory board and the up-
coming BCI Society.  
8 Conclusions 
BNCI Horizon 2020 will impact the field of BNCIs in the following ways: 
• We will provide a roadmap of the field of BNCIs for policy makers, politicians, 
researchers, companies, end user associations, end users, clinical staff, and the 
general public. This roadmap will clearly identify promising ideas for future BNCI 
activities that could be supported by the EU program Horizon 2020. The roadmap 
will display opportunities but also limitations and constraints for the industrializa-
tion and commercialization of BNCIs. 
• We will investigate synergies with relevant fields. Fields that already impacted on 
BNCI research include assistive technologies, sensor technologies, robotics, infor-
mation retrieval, neuroscience, machine learning, communication technology, hu-
man-computer interaction, ergonomics, and rehabilitation. One possible synergy 
from the field of machine learning could be an open database of BCI data sets and 
algorithms, which will increase competitiveness and reproducibility of results. 
• The concepts of a user-centered design, specifically (but not exclusively) for 
people with motor, sensory, and cognitive disabilities will be more widespread, 
known, and understood. 
• The involvement of industrial stakeholders throughout the duration of BNCI Horizon 
2020 leads to a strong impact on a future BNCI market. For example by identifying 
possible products, new end user groups, and synergies with other fields. Similarly, 
we will actively involve end users throughout the duration of BNCI Horizon 2020, 
who will contribute feedback and influence the direction of our roadmap. 
• BNCI Horizon 2020 will contribute to a foundation of a BCI Society through ap-
proaching key stakeholders, organization of meetings, targeted discussions, and 
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evaluation of possible scenarios to implement this society. A BCI Society will have 
a very strong impact on the whole field, because this would be the first time that 
people working with BCIs could speak with a common public voice. 
• A common terminology and common standards for the evaluation of BNCIs pro-
moted by our project will lead to stronger and more efficient research efforts and 
collaborations. We will create ethical guidelines for the use of BNCIs, and we will 
seek contact with the general public and address their questions, concerns, and 
ideas. This will benefit all people involved with the development and the (com-
mercial) use of BCIs, including the general public. 
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